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Abstract 
Experimental and analytical studies of a new seismic isolation and energy dissipation 
system for buildings were conducted. The system (GT-BIS) was developed by Federico Garza-
Tamez of Monterrey, Mexico .. The system is composed of four elements: (1) base isolation 
devices, (2) damping devices, (3) an adjustable clamp which can be used to adjust the effective 
length of the tension members, and (4) a single pin wind restraint disengaging device. The main 
components are the isolation devices. The base columns of the building are supported by cables, 
or rods, or other tension members which are attached to a small frame that encircles each column 
and rests on the foundation. With proper use of the clamping device the building response to 
an earthquake is like that of a single-degree-of-freedom pendulum. The clamps may be adjusted 
to achieve the desired period of vibration. The GT-BIS also employs a novel hydraulic damping 
system that very effectively dissipates seismic energy. The damping system is designed in such 
a way that it permits translation but inhibits torsional motion. The wind restraint device utilizes 
a spring loaded pin which does not allow relative displacement between the building and the 
foundation under wind loading but disengages when an earthquake occurs. 
Free vibration, sinusoidal and earthquake simulation tests of a l/8-scale model of a nine 
story building were conducted on the earthquake simulator at the US Army Construction 
Engineering Research Laboratory located in Champaign, Illinois. As a results of these tests the 
following conclusions were made: 
1. The GT -BIS isolation system is very effective at reducing the acceleration response 
and base shear of a building subjected to an earthquake. The base shears of the 
isolated model varied from 4 percent to 35 percent of those of the fixed base model. 
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1.0 Introduction 
During the last three decades, the science and art of earthquake engineering have made 
great progress. Researchers and practitioners have learned much about earthquakes and their 
effects on structures. New design and detailing practices developed during that time have 
greatly reduced the:threat of catastrophic dis lSters caused by earthquakes since the potential for 
loss of human lives has been reduced. 
Current practice for the seismic design of new structures follows the philosophy that a 
building may experience major structural and nonstructural damage during a major earthquake, 
but it should not collapse. As a consequence, threat to human life is minimized, but many 
buildings suffer major damage which can lead to a tremendous economic loss. 
The use of base isolation of buildings and bridges is a method of seismic hazard 
mitigation that offers relief from even the economic loss that results from major earthquakes. 
For this scheme, the structure is not firmly anchored to the ground as it would be for typical 
construction. Instead, it is mounted on isolation devices that are very flexible in any horizontal 
direction. This has the effect of increasing the fundamental natural period of vibration of the 
structure and, thus, moving the vibration period of the structure to a region of the response 
spectrum where very little energy is input to the structure by the earthquake. 
Several methods of base isolation have been proposed. The most common scheme in use 
today is to place rubber bearings under each column of the building [1,2,3]. For bridges the 
bearings are placed between the deck and the substructure [4]. The bearings often have lead 
1 
All of the tests described herein were conducted at the US Army Construction Engineering 
Laboratory (USACERL) located in Champaign, Illinois, using their Biaxial Shock Testing 
Machine (BSTM). 
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behavior resulting from the destruction of the building. 
2.2 Description of the Test Structure 
A model of a nine story building was constructed in Mexico and shipped to the 
labora,tories of the U.S. Army Construction Engineering Research Lab (USACERL) located in 
Champaign, illinois. The model was roughly a 1:2 scale model of a building that was tested at 
the University of California at Berkeley (1). Since the Berkeley model was approximately a 1:4 
scale model of a hyp~thetical prototype building, the model tested here was roughly a 1:8 scale 
model of a full size building. Scaling laws were followed as closely as possible based on the 
properties of the Berkeley model. The scaling relationships (1) are shown in Table 2.I. 
A plan and elevation view of the model building are shown in Figure 2.3. Two pictures 
of the model are presented in Figure 2.4. The model measures 108 in. by 48 in. in pl~ and 
stands 172 in. above the base of the structure. The building has three bays in the direction of 
testing with two bays open and one bay braced. The model has one braced bay in the at..her 
direction. The member properties are given in Table 2.2. The floor for each level was a 1/2 inch 
steel plate that was tack welded to the floor beams. These floor plates acted like rigid 
diaphragms and eliminated distortion of the rectangular shape of the building cross section during 
testing. A picture of the model with the damping system in place is shown in Fig. 2.5. 
The bare frame weighs 2.5 kips. Mass was added to each floor as shown in Fig. 2.3. The 
masses were tack welded to the floor plates. The total weight of the model plus the weights was 
30.5 kips. 
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I 
Member Section 
I 
Area Moment of Area Moment of 
(cm2 ) Inertia (in2 ) Inertia 
(cm4) (in4) 
Columns 7.40 44.07 1.15 1.06 
2 1/2 x 2 1/2 x 1/8 inches 
Beam and Floor Beams 7.40 57.41 1.15 1.38 
Levels 1-9 
3 x 2 x 1/8 inches 
Base Beam 15.50 269.00 2.40 ·6.47 
4 x 3 x 1/4 inches 
Braces at All Levels and 3.74 7.56 0.58 0.18 
in All Planes 
11/2 x 11/2 x 0.11 inches 
Table 2.2 Member Properties 
12 
Figure 2.5 Photographs of the model with the damping system in place. 
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2.3 Description of the Instrumentation 
The model was instrumented with 17 accelerometers, 13 deflection transducers and 4 
strain gages. The instrumentation plan is shown in Fig. 2.6. Horizontal acceleration and absolute 
displacement of the building were measured in the direction of testing at four levels (base, floors 
4, 7, and 10). Horizontal acceleration in the orthogonal direction was measured at both ends of 
the floor at four floor levels in order to detect torsional response. Two vertical deflection gages 
were placed at each comer in order to detect uplift if it occurred. Strain was measured in each 
of the four braces in the center bay of the fust story. Accelerometers were also mounted on the 
table in order to know precisely what the input motion was for each test. 
All of the test data were recorded on a 70-channel analog data acquisition system. The 
data was then digitized for presentation and analysis. 
2.4 Description of Test Procedures 
All of the tests were conducted on the BSTM which is located in one of the labs of 
USACERL in Champaign, Illinois. The BSTM is capable of exciting a test structure in one 
horizontal and the vertical direction. Nearly any input motion may be replicated by the table of 
the BSTM. 
Three types of input motion were used during the tests: white noise excitation, sinusoidal 
motion and earthquake accelerograms. The white noise excitation was used in order to determine 
the fundamental natural frequency of vibration of the model. The response of the nlodel was 
passed through a spectrum analyzer in order to determine the natural frequency. Sinusoidal-free-
vibration tests were also conducted. The model was excited at its fundamental natural frequency 
14 
until resonance was obtained. Then the table motion was suddenly stopped and the free vibration 
of the model was measured. Damping waS estimated from these tests. Finally, earthquake 
simulation tests were conducted using four recorded earthquake accelerograms: El Centro, Taft, 
Parkfield and Mexico City (SeT). 
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Figure 3.3 Seventh story free vibration response results for three of the models 
I Sin·Dec.a~: 1 J25Hi I 
10 12.5 15 
Calculated Measured Equivalent 
Model Natural Frequency Natural Frequency Viscous Damping 
(Hz) (Hz) (%) 
Cable Length = 26-1/8" 0.612 0.625 0.85 
Cable Length = 8" 1.106 1.125 3.6 
Fixed Base 6.96 5.56 ---
Table 3.1 Measured and calculated natural frequencies and equivalent viscous damping for 
the various models 
22 
spectrum for the site. This allows for a considerable amount of error in predicting the 
characteristics of the expected earthquake. The model with 8 inch cables would satisfy this 
requirement for the three California earthquakes and the model with 26-1/8 inch cables would 
satisfy it for the Mexico City earthquake. 
A response spectrum for each accelerogram is shown in Figure 3.6. The natural period 
of each model is also shown on these plots. A model with 16 inch cables is also included. This 
model will be discussed in the next chapter. 
The time history of the top level relative displacement response for the four earthquakes 
for the test of the model with 26-1/8 inch cables is shown in Figure 3.7 and the acceleration 
response for each is shown in Figure 3.8. The model with 8 inch cables was not subjected to 
the Mexico City accelerogram because it is not a realistic model for this site and it was feared 
that the response would exceed the capacity of the transducers. The model with 26-1/8 inch 
cables was subjected to the California Earthquakes even though it has a very large amount of 
isolation for a typical California site, but could be employed for special applications where only 
very small accelerations may be allowed. 
The maximum peak accelerations and peak relative displacements for four levels for the 
8 inch cable n10del are given in Table 3.2. Similar results for the 26-1/8 inch cable model and 
the fixed-base model are shown are shown in Tables 3.3 and 3.4. The ratio of peak acceleration 
response to peak input motion and the ratio of maximum relative displacement to maximum table 
displacement are also given in these tables. Plots of these results are shown in Figure 3.9, and 
3.10. 
These results reveal quite clearly the effectiveness of the isolation systems at reducing the 
24 
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Figure 3.7 Top story relative displacement response of model with 26-l/8 inch cables for four earthquakes 
Earthquake, A max a max (a max Floor)! A max Table) 
Span, and Table Fl. 1 Fl. 4 Fl. 7 Fl. 10 Fl. 1 Fl. 4 Fl. 7 Fl. 10 
Cab1e LenQth (Q) (~) (Q) (Q) (p) (ratio) (ratio) (ratio) (ratio) 
ElCentro 
Sp = 13.6 0.3640 0.1970 0.1718 0.1969 0.2345 0.5412 0.4720 0.5409 0.6442 
Cl = 8 
-- Taft 
Sp= 6.67 0.1463 0.1045 0.0579 0.0846 0.1432 0.7143 0.3958 0.5783 0.9788 
CI = 8 
Parkfield 
. Sp= 33.3 0.4681 0.4204 0.2598 0.3442 0.4564 0.8981 0.5550 0.7353 0.9750 
CI = 8 
Earthquake, Dmax d max (relative) Cd max Floor ren/Cd max Table) 
Span, and Table Fl. 1 Fl. 4 Fl. 7 Fl.IO Fl. 1 Fl. 4 Fl. 7 Fl. 10 
Cable LenQth (in) (in) (in) (in) (in) (ratio) (ratio) (ratio) (ratio) 
El Centro 
Sp = 13.6 0.3992 1.4296 1.4959 1.6269 1.7103 3.5812 3.7472 4.0754 4.2843 
CI = 8 
Taft 
Sp = 6.67 0.1915 0.408 0.4383 0.4727 0.5029 2.1305 2.2888 2.4684 2.6261 
CI = 8 
Parkfield 
Sp = 33.3 1.0009 1.8569 2.0137 2.2442 2.4213 1.8552 2.0119 2.2422 2.4191 
CI = 8 
Table 3.2 Peak responses for model with 8 inch cables for three earthquakes 
28 
Earthquake, A max a max (a Floor)/(A Table) 
Span,and Table Fl. 4 Fl. 7 Fl. 10 Fl. 4 Fl. 7 Fl. 10 
Cable Length (g) (g) (g) (g) (ratio) (ratio) (ratio) 
El Centro 
Sp = 13.6 0.2990 0.5550 0.8969 1.4456 1.8562 2.9997 4.8348 
Fixed Base 
Taft 
Sp = 6.67 0.1415 0.2181 0.4133 0.5862 1.5413 2.9208 4.1428 
Fixed Base 
Parkfield 
Sp = 33.3 0.4304 0.8880 1.2473 2.0034 2.0632 2.8980 4.6547 
Fixed Base 
Mexico City 
Sp = 33.3 0.2020 0.3335 0.5091 0.6886 1.6510 2.5203 3.4089 
Fixed Base 
Earthquake, Dmax d max (relative) (d Floor ren/(d Table) 
Span, and Table Fl. 4 Fl. 7 Fl. 10 Fl. 4 Fl. 7 Fl. 10 
Cable Len~th (in) (in) (in) (in) (ratio) (ratio) (ratio) 
El Centro 
Sp = 13.6 0.3949 0.1722 0.3481 0.472 0.4361 0.8815 1.1952 
Fixed Base 
Taft 
Sp = 6.67 0.1955 0.0644 0.1382 0.1868 0.3294 0.7069 0.9555 
Fixed Base 
Parkfield 
Sp = 33.3 0.9838 0.3203 0.6327 0.8428 0.3256 0.6431 0.8567 
Fixed Base 
Mexico City 
Sp = 33.3 1.0096 0.0917 0.1881 0.2473 0.0908 0.1863 0.2449 
Fixed Base 
Table 3.4 Peak responses for flXed base model for four earthquakes 
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Figure 3.10 Ratio of peak floor relative displacement to peak ground displacement for isolated and fixed base models 
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5 
acceleration responses and, therefore, the base shears. The maximum base shear for each model 
for the various earthquake excitations are shown in Table 3.5. The results indicate that the base 
shear for the isolated model was reduced to 5 to 20 percent of the base shear experienced by the 
fIxed-base modeL If the flXed-base model would have had a natural period at the peak of the 
Mexi~o City Sct response spectrum, the isolation system would have reduced the base shear by 
about 95%. However, the relative displacementsrre on the orde· of two to four times greater 
than the peak ground displacement. Also, the response of the isolated structures continues for 
quite some time after the earthquake motion has stopped. This is because of the low damping 
that these structures possess. This might be uncomfortable and frightening for the building 
occupants. These two undesirable effects demonstrate the need for additional damping for most 
applicati~ns. This is discussed in detail in the next chapter. 
3.5 Results of Tests of Wind Restraint Device 
The wind restraint device is shown· in Figure 2.2. It consists of a stand with a spring 
loaded pin. This prevents relative motion between the base of the building and the ground for 
the low forces that result from wind excitation: When the force reaches a predetermined level 
during an earthquake, the pin disengages and the isolation system begins to work. 
The restraint device worked flawlessly for every test. There was no measurable difference 
in the seismic response with or without the device. 
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Figure 4.8 Free vibration tests of model with 8 inch cables 
Damping Cable Number of Valve Comments 
Earthquake Estimate Length Dampers Turns 
(%) (1nr.hp.~) R ..J R ..J :! 
Mexico City 5 27.0 2 0 ForO Turns Damning - 5.8% 
16.0 2 0 For 0 Turns Damning = 5.9% 
10 27.0 2 ~.5 
16.0 2 3.6 
20 27.0 ? 4.2 
27.0 4 3.5 
16.0 4 ~J) 
Parkfield 5 27.0 2 0 For 0 Turns Damning -7.7% 
-- 16.0 2 0 For 0 Turns Dampin2 = 6.1 % 
8.0 2 'i. 1 
10 27.0 2 3.3 
100 ? 'i,o 
8.0 2 4.1 
g.O 4 ~.'i 
20 27.0 2 4.1 
27.0 4 3.3 
10.0 4 3.6 
8.0 4 4.1 
Taft 5 27.0 2 2.8 
16.0 2 3.3 
g.o 2 'l7 
8.0 4 2.5 
10 27.0 2 3.8 
27.0 4 2.8 
16.0 2 4.1 
10.0 4 ~ s 
8.0 4 3.7 
20 27.0 2 44 
27.0 4 3.8 
10.0 4 41 
8.0 4 4.4 
El Centro 5 27.0 2 2.7 
I 16.0 2 3 
8.0 2 3.3 
10 27.0 2 3.7 
27.0 4 2.7 
10.0 2 'l9 
16.0 4 3.2 
8.0 2 4.2 
8.0 4 3.4 
20 27.0 .2 4.4 
27.0 4 3.7 
16.0 4 4.0 
8.0 4 42 
Table 4.2 Estimates of equivalent linear viscous damping for the models for different 
combinations of dampers and valve closings for each earthquake 
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Earthquake, Dampers Est. Linear A max a max (a max Floor}/(A max Table) 
Span, and Vis. Damp Table Fl. 1 Fl. 4 Fl. 7 Fl. 10 Fl. 1 Fl. 4 Fl. 7 Fl. 10 
Cable Length (%) (g) (g) (g) (g) (g) (ratio) (ratio) (ratio~ (ratio) 
Mexico City 
Sp = 33.3 Valve =0.0 6 0.2011 0.0570 0.0618 0.0536 0.0607 0.2834 0.3073 0.2665 0.3018 
Cl = 26118 2 Dampers 
Mexico City 
Sp = 33.3 Valve = 1.0 6 0.1963 0.0565 0.0585 0.0551 0.0638 0.2878 0.2980 0.2807 0.3250 
CI = 26118 2 Dampers 
Mexico City 
Sp ='33.3 Valve=2.0 6 0.1992 0.0548 0.0573 0.0542 0.0724 0.2751 0.2877 0.2721 0.3635 
CI = 26118 2 Dampers 
Mexico City 
Sp = 33.3 Valve =3.0 7 0.1991 0.0555 0.0611 0.0606 0.0803 0.2788 0.3069 0.3044 0.4033 
CI = 26 118 2 Dampers 
Mexico City 
Sp = 33.3 Valve =4.0 16 0.1983 0.0827 0.0680 0.0832 0.1111 0.4170 0.3429 0.4196 0.5603 
CI = 26118 2 Dampers 
Mexico City 
Sp = 33.3 Valve =4.5 32 0.1984 0.1310 0.1274 0.1531 0.1799 0.6603 0.6421 0.7717 0.9068 
CI = 26 1/8 2 Dampers 
Mexico City SE Valve = 4.5 
Sp = 33.3 SW Valve = 4.0 24 0.1958 0.1095 0.1144 0.1083 0.1476 0.5592 0.5843 0.5531 0.7538 
Cl = 261/8 2 Dampers 
Mexico City 
Sp = 33.3 Valve =0.0 6 0.1978 0.1297 0.1434 0.1496 0.1499 0.6557 0.7250 0.7563 0.7578 
CI= 16 2 Damoers 
Mexico City 
Sp = 33.3 Valve = 3.6 10 0.1966 0.1330 0.1219 0.1276 0.1483 0.6765 0.6200 0.6490 0.7543 
CI= 16 2 Dampers 
Mexico City 
Sp = 33.3 Valve = 3.6 23 0.1940 0.1180 0.1128 0.1286 0.1331 0.6082 0.5814 0.6629 0.6861 
CI= 16 4 Dampers 
Table 4.3 Peak acceleration responses for Mexico City earthquake for varying amounts of 
darn ping and cable length 
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Figure 4.9 Selected time histories of top story accelerations for Mexico City earthquake for various amounts of 
dam ping and cable length 
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Figure 4.11 Normalized peak accelerations for selected tests for the isolated and fixed base models 
Earthquake, Dampers Est. Linear A max a max (a max Floor)! A max Table) 
Span, and Vis. Damp Table Fl. 1 Fl. 4 Fl. 7 Fl. 10 Fl. 1 Fl. 4 Fl. 7 Fl. 10 
Cable Length (%) (g) (g) (g) (g) (g) (ratio) (ratio) (ratio) (ratio) 
El Centro 
Sp = 13.6 Valve =4.4 21 0.3586 0.0820 0.0436 0.0605 0.1140 0.2287 0.1216 0.1687 0.3179 
CI = 261/8 2 Dampers 
ElCentro 
Sp = 13.6 Valve =3.0 5 0.3597 0.0735 0.0616 0.0749 0.1033 0.2043 0.1713 0.2082 0.2872 
Cl= 16 2 Danmers 
EICentro -. 
Sp = 13.6 Valve=3.9 10 0.3586 0.0897 0.0581 0.0915 0.1274 0.2501 0.1620 0.2552 0.3553 
Cl= 16 2 D.·npers 
El Centro 
Sp = 13.6 Valve =4.0 20 0.3575 0.1050 0.0608 0.0883 0.1375 0.2937 0.1701 0.2470 0.3846 
Cl= 16 4 Dampers 
EICentro 
Sp = 13.6 Valve = 3.3 9 0.3607 0.1478 0.1289 0.1503 0.1809 0.4098 0.3574 0.4167 0.5015 
Cl= 8 4 Dampers 
El Centro 
Sp = 13.6 Valve = 3.4 10 0.3612 0.1486 0.1399 0.1536 0.1928 0.4114 0.3873 0.4252 0.5338 
CI=8 4 Damoers 
Table 4.5 Peak acceleration responses for EI Centro earthquake for varying amounts of 
damping and cable length 
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Earthquake, Dampers Est. Linear A max a max (a max Floor)! A max Table) 
Span, and Vis. Damp Table Fl. 1 Fl. 4 Fl. 7 Fl. 10 PI. 1 Fl. 4 Fl. 7 
Cable Length (%) (g) (g) (g) (g) (g) (ratio) (ratio) (ratio) 
Taft 
Sp = 6.67 Valve =4.4 18 0.1438 0.0322 0.0289 0.0269 0.0451 0.2239 0.2010 0.1871 
Cl = 26 1/8 2 Dampers 
Taft 
Sp = 6.67 Valve = 3.3 5 0.1489 0.0504 0.0376 0.0413 0.0569 03385 0.2525 0.2774 
CI = 16 2 Dampers 
T:ift 
Sp = 6.67 Valve =4.1 10 0.1444 0.0583 0.(}386 0.0473 0.0626 0.4037 0.2673 0.3276 
Cl = 16 2 Dampers 
---
- -
Taft 
Sp = 6.67 Valve=4.1 19 0.1463 0.0629 0.0385 0.0411 0.0725 0.4299 0.2632 0.2809 
Cl = 16 4 Dampers 
Taft 
Sp = 6.67 Valve = 2.5 5 0.1460 0.0696 0.0498 0.0589 0.0879 0.4767 0.3411 0.4034 
Cl= 8 4 Dampers 
Taft 
Sp = 6.67 Valve = 3.7 9 0.1471 0.0713 0.0526 0.0614 0.0981 0.4847 0.3576 0.4174 
Cl= 8 4 Dampers 
Table 4.7 Peak acceleration responses for Taft earthquake for varying amounts of 
damping and cable length 
58 
Fl. 10 
(ratio) 
0.3136 
0.3821 
0.4335 
0.4956 
0.6021 
0.6669 
Earthquake, Dampers Est. Linear A max a max (a max Floor)1 A max Table) 
Span, and Vis. Damp Table Fl. 1 FlA Fl. 7 Fl. 10 Fl. 1 Fl. 4 Fl. 7 Fl. 10 
Cable Length (%) (g) (g) (g) (g) (g) (ratio) (ratio) (ratio) (ratio) 
Parkfield 
Sp =33.3 Valve = 0.0 8 0.4637 0.0842 0.0665 0.0728 0.0934 0.1816 0.1434 0.1570 0.2014 
Cl = 261/8 2 Dampers 
Parkfield 
Sp =33.3 Valve = 3.6 11 0.4627 0.1930 0.1192 0.1650 0.2223 0.4171 0.2576 0.3566 0.4804 
CI = 16 2 Damoers 
Parkfield 
Sp =;33.3 Valve = 0.0 6 0.4615 0.1566 0.1243 0.1439 0.1800 0.3393 0.2693 0.3118 0.3900 
Cl= 16 2 Dampers 
Parkfield I I 
Sp = 33.3 Valve=3.6 20 0.4638 0.2335 0.1299 0.2188 0.3077 0.5034 0.2801 0.4718 0.6634 
CI = 16 4 Damoers 
Parkfield 
Sp = 33.3 Valve = 3.1 10 0.4644 0.2524 0.2024 0.2691 0.3797 0.5435 0.4358 0.5795 0.8176 
Cl= 8 4 Dampers 
Parkfield 
Sp = 33.3 Valve = 3.3 10 0.4643 0.2588 0.2151 0.2904 0.3881 0.5574 0.4633 0.6255 0.8359 
CI= 8 4 Damoers 
Table 4.9 Peak acceleration responses for Parkfield earthquake for varying amounts of 
damping and cable length 
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Figure 4.13 Selected time histories of top story accelerations for EI Centro earthquake for various amounts of 
damping and cable length 
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simple analytical models are required to accurately predict the response of these base-isolated 
structures. 
Normalized peak accelerations for the three earthquakes for selected damping values and 
for the fIxed-base model are shown in Figures 4.19 through 4.21. Similar results for normalized 
relative displacement are shown in Figure 4.22 through 4.24. Again, the normalized peak 
acceleration data clearly illustrate the large decrease in peak story accelerations that can be 
obtained by using the GT-BIS system. 
Comparisons of the normalized peak acceleration data for selective tests with the results 
obtained by Griffith, Aiken, and Kelly are shown in Figure 4.25. These results indicate that the 
GT-BIS was more effective at reducing the story accelerations. Normalized peak displacement 
data for selected damped and undamped tests are compared in Figure 4.26. These results reflect 
the analytical results shown in Figures 4.2 through 4.4 and demonstrate the importance of 
damping for reducing the maximum relative displacement response. 
One of the most important seismic responses for a building is the base shear. Since the 
base shear is a function of the story accelerations one would expect a reduction in base shear 
when base isolation is used. The base shears for selected tests are compared to the results for 
the fixed-base model in Table 4.11. The use of the GT-BIS system results in base shears ranging 
from 4 percent to 35 percent of those obtained for the fixed base model for the selected tests. 
This provides compelling evidence of the effectiveness of base isolation. 
4.6 Properties of the Damping System 
The results of tests of the individual dampers were discussed in Section 4.3 and illustrated 
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Figure 4.22 Normalized peak relative displacements for selected tests for the isolated and fixed base models 
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Figure 4.24 Normalized peak relative displacements for selected tests for the isolated and fixed base models 
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Figure 4.26 Normalized peak relative displacements for selected tests for the damped and undamped isolated models 
in Figure 4.5. Estimates of valve settings to achieve a selected amount of equivalent viscous 
danlping were given in Table 4.2. 
The free vibration tests results were used to evaluate the coefficients for the damping 
system. System identification techniques were used to estimate the coefficients in the damp~g 
model so that they might be compared to those given in Figure 4.5. The results are shown in 
Figure 4.27. The results compare favorably with those determined by Garza-Tamez. Measured 
and calculated earthquake responses for selected tests are shown in Figure 4.28 and 4.29. The 
damper model parameters identified from the free vibration tests were used for the calculated 
results as were equivalent viscous damping values fronl Table 4.2. The match for both types of 
danlping is quite good with the linear viscous damping calculated results just slightly better. 
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Figure 4.28 Selected con1parisons of measured and sirrwlated building model responses for the 
El Centro earthquake 
5.0 Summary and Conclusions 
5.1 Summary 
A cable supported base isolation system was evaluated through a series of steady state, 
free vibration and earthquake simulation tests. The GT-BIS isolation system results in pendulum-
type response for '3. building during an earthqnake. The advahtages of this base isolation system 
are as follows: 
1. Since the cables are always in tension, stability is not a problem. Therefore, the GT-
BIS system can be used for midrise buildings and for lowrise or midrise buildings 
on soft soil sites. 
2. The base shear that occurs during a given earthquake may be reduced by up to 96 
percent compared to the base shear that a conventional building would experience. 
3. Since the isolator stiffnesses combined are very low compared to the building 
stiffness, the isolated building responds as a single mass supported by cables. As a 
result, the period of vibration of the system may be controlled very accurately by 
adjusting the cable lengths, and the period of vibration may be calculated very 
accuratel y. 
4. Since the structure will always be in the linear range of response, its respo~se to a 
given earthquake may be calculated very accurately. 
5. Eccentric mass in the building w"ill not produce significant torsion since the 
nonunifonn cable tension adjusts.the stiffnesses of the isolators so that the center of 
mass of the building is coincident with the center of stiffness of the isolators. 
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reduced to 4 to 35 percent of the base shears for the flXed-base model. 
2. The addition of the damping system is very desirable since it will reduce the relative 
displacement response and cause the response of the building to attenuate faster after 
the earthquake stops. 
__ 3. The damping system also provides a measure of additional safety for situations where 
the site period is grossly misc,jculated. 
4. This novel damping system will minimize possible torsional motions which is 
important for long narrow buildings. 
5. The wind restraint device serves as an effective shear key that prevents base 
translation under wind loads but disengages at the onset of earthquake excitation. 
6. The isolated building behaves as a simple one-degree-of-freedom pendulum. 
Therefore, the frrst natural frequency and mode shape of an isolated building may be 
calculated quite accurately. 
7. The GT-BIS system was more effective at reducing the base shear during an 
earthquake than were lead rubber bearings or high damping rubber bearings. 
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